The harmonisation of training programmes for infection control and hospital hygiene (IC/HH) professionals in Europe is a requirement of the Council recommendation on patient safety. The European Centre for Disease Prevention and Control commissioned the 'Training Infection Control in Europe' project to develop a consensus on core competencies for IC/HH professionals in the European Union (EU). Core competencies were drafted on the basis of the Improving Patient Safety in Europe (IPSE) project's core curriculum (CC), evaluated by questionnaire and approved by National Representatives (NRs) for IC/HH training. NRs also re-assessed the status of IC/HH training in European countries in 2010 in comparison with the situation before the IPSE CC in 2006. The IPSE CC had been used to develop or update 28 of 51 IC/HH courses. Only 10 of 33 countries offered training and qualification for IC/
Introduction
There has been an increase in prevention and control activities in the field of infection control and hospital hygiene (IC/HH) in recent years owing to an increased awareness of patient safety and the considerable burden of healthcare-associated infections (HAIs) [1] . While this strengthens the role of IC/HH professionals [2] , the process has not always been accompanied by a commensurate increase in the resources for IC/HH prevention and control [3] . Many reports have documented a shortage of qualified IC/HH doctors and IC/HH nurses [4] [5] [6] [7] , and there are large differences among European countries in the qualifications required to work as an IC/HH professional [8] . The need to guarantee healthcare quality standards throughout Europe, including for IC/HH, has been further stressed by the approval of the European Union (EU) directive on cross-border patient mobility [9] . In addition, topics such as patient safety, quality improvement, continuing professional development and risk management have become increasingly important and should be part of the content of contemporary IC/HH training programmes [2, [10] [11] [12] .
In 2006, a European survey organised by the Improving Patient Safety in Europe (IPSE) project [8] indicated a lack of national IC/HH training programmes and of professional profiles for IC/HH practitioners in many European countries. Experts from the IPSE project and representatives of the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) subsequently developed a European core curriculum for training of IC/HH professionals across Europe [8] .
In July 2008, at the end of the IPSE project, its activities were transferred to the European Centre for Disease Prevention and Control (ECDC) in Stockholm. In 2009, considering the importance of continued support to national IC/HH training programmes and the opportunity to build further on the outputs of IPSE, ECDC issued an open call for tender (i) to evaluate the use of the European core curriculum developed by IPSE in European countries and reassess the needs for IC/HH training in these countries, (ii) to set up a network for IC/HH training, and (iii) to propose a strategy for further support to IC/HH training in EU/EEA Member States (publication reference OJ/2009/06/16-PROC/2009/027).
The contract was awarded to the Training in Infection Control in Europe (TRICE) project under the coordination of the University of Udine, Italy. The TRICE project explored the state of the art of training IC/HH professionals in Europe, evaluated the European core curriculum together with experts from participating countries, and proposed an agreed list of core competencies to guide the standardisation of training of European IC/ HH professionals [13] .
The aim of this paper is to report the evolution of the status of European IC/HH activities and practitioners between 2006 and 2010 and the finalisation of the agreed European IC/HH core competencies.
Methods
The TRICE project was carried out between January and September 2010 and had two stages: a questionnairebased survey, followed by a face-to-face consultation. Member States of the EU, the European Economic Area (EEA) and EU candidate countries were invited by ECDC to participate and were asked to designate a national representative (NR) specifically for the project.
The NR who responded to the questionnaire were nominated by the governments of each country. They were either doctors or nurses and chosen according to a profile defined by ECDC, as part of the project. In this profile it was clearly explained that the NRs had to contribute to the survey reporting the national state of the art on the topic and that they were to interact with all relevant infection control leads and other appropriate professionals in their country. 
Results
From 2006 to 2010, the number of countries with a national curriculum or programme for IC/HH training of doctors and nurses increased from 10 of 31 responding countries to 19 of 33 responding countries for doctors ( Figure 1A and B), and from 17 of 31 to 21 of 33 countries for nurses ( Figure 1C and D).
For IC/HH nurses, continuous training by professional bodies was required in 11 of 33 countries, a university degree in eight countries and IC/HH specialty was required in 10 countries for nurses to play a leading role in IC/HH. From 2006 to 2010, there was a slight increase in the number of universities taking a leading role in IC/HH training both for doctors and nurses (Table 1) .
More than two thirds (22/30) of European countries reported that at least one training course was available for IC/HH professionals, with 51 courses reported in total. Twenty-three of the 51 courses were run every year, six were run every second year, and for the remaining courses the frequency was not reported.
Courses provided a post-graduate diploma (where the country recognises this title for professionals) for 25 of (Table 3 ).
The initial specialisation (educational background) of IC/HH doctors was mostly microbiology, reported by 28 of 33 countries in 2010, followed by infectious diseases in 17, epidemiology in 11, public health in nine and hygiene in seven of the 33 countries.
The most frequently reported initial specialisation for registered nurses before IC/HH specialisation for nurses was graduated/certified nurse in 28 of 33 countries, followed by intensive care nurse in six, operating theatre nurse in six, anaesthesiology nurse in three and other specialised nursing background in five countries. The level of seniority required to become an IC/ HH nurse was a minimum of three year of experience after qualification in 22 of the 33 countries, followed by being a senior head nurse in 10 countries. The TRICE project also reassessed the tasks for which IC/HH doctors are responsible or to which they contribute in their day-to-day practice. The most frequently reported tasks or areas of responsibility for IC/HH doctors in 2010 were: outbreak identification and investigation, analysis and feedback of IC/HH data and the development of an IC/HH programme and work plan ( Table 4 ).
The most frequently reported tasks or areas of responsibility for IC/HH nurses in 2010 were: training of hospital employees in IC/HH and the elaboration and implementation of IC/HH procedures (Table 5) . Although some significant differences in the individual tasks existed between 2006 and 2010, there was a strong correlation of the ranking of tasks by degree of responsibility (responsible or contributor) between the two surveys (Spearman's correlation coefficient 0.78, p < 0.001).
Besides the traditionally recognised tasks for IC/HH doctors and nurses, it appeared that the discipline of IC/HH was expanding, with the inclusion of new components such as quality and risk management.
Evaluation and finalisation of the core competencies
The results of the evaluation of the IPSE core competencies were discussed at a meeting of the NRs in June 2010. During this meeting, some changes to the IPSE core competencies were agreed and it was decided to recommend only two categories because the intermediate-level category (see Methods) was used by the NRs less frequently than the two other categories when evaluating individual competencies and was considered too complex. Hence, two main levels of practice for IC/HH training and professional development were agreed as follows:
Introductory level (junior specialist): newly appointed IC/HH staff member with little or no previous experience; Expert level (senior specialist): IC/HH professionals who are confident and experienced, who use reasoning, critical thinking, reflection and analysis to inform their assessment and decision making and are able to develop and implement new solutions to problems.
The final agreed 'core competencies for infection control and hospital hygiene professionals in the European Union' are available from the ECDC website [13] and are organised in four areas (programme management, quality improvement, surveillance and investigation of HAI, and IC/HH activities) and 16 domains, each with core competencies for a junior and a senior specialist. Table 6 summarises the structure of the document.
In this context it is necessary to stress that the specification was for IC/HH specialists in acute care hospitals and that the core competencies were similar for IC/HH nurses and IC/HH doctors, including those competencies relating to antimicrobial stewardship because of the increasing numbers of prescribing nurses in European countries and their greater strategic involvement.
Discussion
The TRICE project has provided data for a comprehensive overview of the characteristics, training for professionals, tasks and related core competencies for European IC/HH professionals in 2010. It will also inform future trend analyses, as almost all countries have reported their current situation. The decision to use the questionnaire on core competencies that was used by the IPSE project in 2006, enabled us to evaluate the progress of European countries between 2006 and 2010. In particular, our results showed that IPSE initiatives and the European core curriculum developed by the project IPSE already had an impact on the creation of new national curricula for IC/HH training, on the definition of professional profiles, in particular for IC/HH doctors, and on the development or adaptation of the content of new or existing courses in European countries. Nevertheless, well-defined qualifications, standardised training pathways and agreed competencies for IC/HH professionals were still lacking in 2010. A critical point is that, in 2010, almost half of the countries still did not have an official recognition of qualifications for an IC/HH doctor or an IC/HH nurse.
The professional backgrounds of IC/HH doctors and IC/ HH nurses in European countries were homogeneous, which should make the process of harmonisation of training programmes achievable. IC/HH doctors were most commonly trained in microbiology, followed by infectious diseases, hygiene and public health. In 28 of 33 countries, IC/HH nurses had a minimum of three years of experience as a graduated/certified nurse. More than 80% of the respondents reported that a definition of the Infection Control Team existed in national programmes or regulations. The professionals most frequently included were doctors and nurses that were the focus of the survey. In future projects it would be useful to explore more in detail also the role of other professionals engaged in the infection control team.
The type of degree or learning to become an IC/HH specialist remained heterogeneous among European countries. This reinforces the need for common standards for the training of IC/HH professionals. In this context, our proposal for European core competencies for IC/HH professionals in the European Union [13] is expected to promote the standardisation of the competencies of IC/ HH professionals in Europe and the design and implementation of training courses according to different national contexts and to facilitate the mutual recognition of competencies across Europe. It further serves as an opportunity for IC/HH professionals to review their own performance and plan their professional development and for healthcare institutions and organisations to evaluate their needs in terms of professional human resources and to evaluate the performance of the existing IC/HH professionals.
European core competencies are useful for countries without a national curriculum or programme to promote new training initiatives for IC/HH professionals according to European standards. For other countries, European core competencies represent an opportunity to identify gaps in their curricula and to organise IC/HH according to the different levels of expertise. These European core competencies will thus act as a point of reference for the development of IC/HH training initiatives and harmonisation of these courses and qualifications.
Professional competency grows in a continuum, where the speed and the completeness depend on several parameters. Under certain circumstances, these competencies will have to be developed very quickly. This will depend on many variables such as the expectation that IC/HH doctors or nurses will chair an IC/HH committee at an agreed time after appointment, on how long there have been IC/HH doctors or nurses in a country, on whether adequate resources are available (e.g. administrative support), on the presence and need to interact with audit/patient safety departments, and on IC/HH team members' aptitudes, preferences and previous experiences. For example, some new IC/HH professionals may have acquired considerable management experience and transferable skills from previous positions in other specialties before embarking upon their IC/HH career.
The proposed core competencies for IC/HH professionals in the European Union were developed in 2010. Since this date, the North American Certification Board of Infection Control and Epidemiology (CBIC) has published a proposal for a conceptual model including four specific domains that represent the areas for future development of competencies: leadership, infection prevention and control, technology and performance improvement and implementation science [15] . This model does not conflict with the European approach, although it proposes an intermediate level (proficiency) between the expert and the novice. Such an intermediate level was considered by the NRs but was rejected as they expected that it may add confusion to the already heterogeneous situation in Europe. The TRICE two-level approach was considered more effective to promote standardisation of IC/HH training, and it takes into account the important diversity of duration and content of the existing IC/HH training courses in Europe. Furthermore, all participants to the TRICE agreed that a minimum of competencies for junior/ introductory level was useful for both organisations and professionals and acting as a platform for personal and professional development.
The NRs also recommended that the proposed core competencies for IC/HH professionals in the European Union [13] should be seen as stages of a journey with a distinction between the two main categories (junior specialist/introductory level and senior specialist/ expert level). They should be useful for the production of tools aimed at helping the development of IC/ HH training courses. The introductory level should be considered appropriate for those involved in all technical/common tasks and responsibilities, whereas the expert level should apply to professionals with experience of political challenges or with new, complex, unusual or unexpected situations. The proposed core competencies should address the design of training courses developed preferably according to the Bologna process for standardisation of credits and recognition and to the standards proposed by the European Association for Quality Assurance in Higher Education [16] , and they should be owned by those involved as trainers in these courses.
Conclusion
Based on the findings of the TRICE project, we consider that Europe is moving toward acknowledgement and a higher priority for HAI prevention and control. There is nevertheless room for improvement, especially in the recognition of the IC/HH degree for IC/HH professionals and in the standardisation and mutual recognition in Europe of the IC/HH training initiatives.
The future impact of the core competencies for IC/HH professionals in the European Union [13] will depend on (i) the existence of validated IC/HH training courses designed and delivered to enable the acquisition of these competencies, (ii) the widespread recognition that IC/HH doctors and IC/HH nurses need these competencies to ensure that a hospital IC/HH programme meets its goals and agreed deliverables, (iii) the existence of a sustained strategy ensuring that the core competencies are updated and reviewed at European level and owned and adopted by those running the training courses and (iv) the sustained coordination of, and support for a network for IC/HH training in Europe that will ensure the long-term commitment of institutions to the programmes.
Finally, while training of IC/HH professionals should become a priority for European countries, more emphasis should also be given to basic training in IC/HH in nursing schools and in medical universities. Ensuring that all healthcare personnel has received such basic training before starting their professional activity would certainly contribute to further improvement in the quality of healthcare throughout Europe.
